Individuals who report subjective cognitive complaints but perform normally on neuropsychological tests might be at increased risk for pathological cognitive aging. The current study examined the effects of the presence of subjective cognitive complaints on functional brain activity during a working memory task in a sample of middle-aged postmenopausal women. Twenty-three postmenopausal women aged 50e60 completed a cognitive complaint battery of questionnaires. Using 20% of items endorsed as the threshold, 12 women were categorized as cognitive complainers (CC) and 11 were noncomplainers (NC). All subjects then took part in a functional magnetic resonance imaging scanning session during which they completed a visual-verbal N-back test of working memory. Results showed no difference in working memory performance between CC and NC groups. However, the CC group showed greater activation relative to the NC group in a broad network involved in working memory including the middle frontal gyrus (Brodmann area [BA] 9 and 10), the precuneus (BA 7), and the cingulate gyrus (BA 24 and 32). The CC group recruited additional regions of the working memory network compared with the NC group as the working memory load and difficulty of the task increased. This study showed brain activation differences during working memory performance in a middle-aged group of postmenopausal women with subjective cognitive complaints but without objective cognitive deficit. These findings suggest that subjective cognitive complaints in postmenopausal women might be associated with increased cortical activity during effort-demanding cognitive tasks.
Introduction
Subjective cognitive complaints have been associated with the menopause transition (e.g., Weber et al., 2012) . One study showed that 60% of women reported subjective cognitive changes after menopause (Mitchell and Woods, 2001) . By contrast, data showing objective cognitive impairments after menopause are inconsistent (see Hogervorst and Bandelow, 2010 for a meta-analysis). Schaafsma et al. (2010) found that subjective complaints were associated with menopause-related physical symptoms, psychological factors, and objective impairment. In a study of perimenopausal women, Weber et al. (2012) found that subjective complaints were related to working memory and attention performance as well as depression, anxiety, somatic complaints, and sleep disturbance. Understanding the nature of subjective cognitive complaints is important because older adults with subjective cognitive complaints have been shown to convert to dementia at higher rates than those without complaints (Reisberg et al., 2010) .
The current study examined differences in brain activation during a working memory task in postmenopausal women not taking hormone therapy with and without cognitive complaints. We hypothesized that postmenopausal women who reported subjective cognitive complaints would show increased frontal activation during the working memory task relative to women who did not report subjective cognitive complaints. In addition, we hypothesized that there would be no differences in cognitive performance between the 2 participant groups as well as no differences in depression or menopause-related physical symptoms.
Methods

Participants
Participants were 23 healthy, cognitively normal, not depressed, postmenopausal women and were recruited and screened using criteria similar to our previous studies (e.g., Dumas et al., 2012; see Supplementary data) . Participants completed a cognitive complaint inventory (CCI) similar to Saykin et al. (2006) to assess subjective cognitive complaints. Participants were categorized as cognitive complainers (CC) if they endorsed more than 20% of the items on the CCI based on our previous work demonstrating that those clinically characterized as CC tended to endorse >20% of these items. Those who endorsed less than 20% were categorized as noncomplainers (NC).
Cognitive testing: working memory and episodic memory
Participants completed a magnetic resonance imaging (MRI) scan with structural and functional MRI imaging (fMRI), and an extensive cognitive battery that included an episodic memory task. The main fMRI task of interest was a visually presented verbal N-back task used to probe working memory circuitry (see Supplementary data). fMRI acquisition and preprocessing procedures were similar to our previous studies (Dumas et al., 2010 (Dumas et al., , 2012 . After completion of the MRI session, participants completed an episodic memory test, the Buschke Selective Reminding Task (Buschke, 1973) that required subjects to immediately recall words that were read to them.
fMRI, cognitive, and behavioral analyses
Statistical analyses were performed using a 2 (group: CC vs. NC) Â 4 (working memory load: 0-, 1-, 2-, and 3-back) random effects analysis of variance using standard procedures in Brain Voyager (QX, Brain Innovation, Maastricht, The Netherlands). We hypothesized that group differences in activation would increase as the working memory load increased. The contrast vector for the overall interaction was as follows: À6, þ1, þ2, and þ3 for the 0-, 1-, 2-, and 3-back conditions in the CC group and þ6, À1, À2, and À3 for the 0-, 1-, 2-, and 3-back conditions for the NC group. The hemodynamic response function was accounted for in these models. In an effort to correct for multiple comparisons, we used the cluster-level statistical threshold estimator from Brain Voyager QX to estimate a minimum cluster size threshold based on the approach of Forman et al. (1995) . The starting p value used in this procedure was p < 0.005. This procedure estimated a minimum cluster size of 13 voxels in functional space (3 Â 3 Â 3) or 321 mm clusters at an alpha level of 0.005 for the analyses described below. Statistical analyses for cognitive and mood measures were performed using independent samples t tests for the CC and NC groups.
Results
No differences between the CC and NC groups were found for age, education, years since menopause, years taking estrogen, body mass index, menopause symptoms, sleep disturbance (largest t(21) ¼ 1.60; smallest p ¼ 0.12 on the body mass index; see Table 1 ). Though the partial Structured Clinical Interview for DSM-IV confirmed that no subjects had current major depressive disorder, there was a group difference in Beck Depression Inventory (BDI-II) scores (t(21) ¼ 2.50, p ¼ 0.02; see Table 1 ) with the CC group scoring higher than the NC group. These scores on the BDI were significantly below the clinical range. By definition, the CC group endorsed more items on the CCI than the NC group (t(21) ¼ 7.06; p < 0.001.
For the imaging analysis we first examined brain activation patterns related to working memory maintenance and updating during the N-back task performance to establish the general N-back brain activation pattern across all subjects. Overall, there was bilateral frontal, parietal, insular, and cerebellar activation as well as anterior cingulate activation that increased as the working memory load increased as has been described in previous studies using the N-back task (See Supplementary data; Cohen et al., 1997) .
Our primary analysis of interest was the interaction between group and working memory load. This analysis showed increased activation for the CC compared with the NC group as a function of increasing working memory load in the left middle frontal gyrus (BA 10), right middle frontal gyrus (BA 9), right cingulate gyrus (BA 24), left cingulate gyrus (BA 32), right and left insula (BA 13), and right precuneus (BA 7; see Fig. 1 ). Decreased activation was Fig. 1 . Activation map for cognitive complainers (CC) minus noncomplainers (NC) as working memory load was parametrically increased from 0-back to 3-back (p < 0.005). Orange colors represent activation that is greater for the CC group relative to the NC group as the working memory load increased. seen in the right tail of the caudate across working memory load for the CC relative to the NC group. No group differences between the CC and NC groups were found for N-back performance during the MRI or Selective Reminding Task performance outside the scanner.
Discussion
The current study found that middle-aged postmenopausal women with subjective cognitive complaints showed increased activation in working memory-related brain regions as working memory load increased compared with women with no subjective complaints. There were no group differences in working memory performance during the MRI or episodic memory performance after the MRI session. The only group difference was that the CC group reported more subjective cognitive complaints than the NC group (by definition) and had slightly elevated scores on the BDI at screening. The BDI scores were in the normal range and below the clinical depression cutoff score of 10 and did not correlate with any activated clusters during the fMRI.
The increased activation observed for the CC group was in taskrelevant regions that were part of a larger working memory network activated by the N-back task in general. Thus, activation increased with increased task difficulty for the CC group compared with the NC group. We hypothesize that in middle-aged women there may be a number of mechanisms underlying the increased task-related activation response and it may take a cognitive "stressor" such as increased working memory load to bring out this increased activation response in women with subjective cognitive complaints. The underlying mechanism responsible for the increased activation for the CC group cannot be determined from the current study. Though we favor a compensation explanation for the increased activation for CC compared with the NC group, the increased activation might also be a less efficient use of neural resources for the CC group.
Cognitive complaints at menopause have been associated with increased autonomic instability, sleep disturbance, and depression (e.g., Schaafsma et al., 2010) . In the current study, our CC and NC groups did not differ on any of these dimensions; thus these factors are not likely to be an explanation for our findings. The small numerical difference that did exist on the BDI measure was substantially below the clinical range and was not correlated with activation during the N-back task. This difference in depression scores was also seen in Saykin et al. (2006) and likewise did not correlate with the hippocampal morphology differences reported in the CC and NC groups. Thus, women who report more cognitive complaints may be more inclined to endorse more items on a depression measure. Additionally, the small sample size in this study may have accounted for some of the lack of significant group differences and correlations on the imaging, cognitive, and behavioral measures. However, when the pattern of means was examined, they showed numerically better performance for the CC group. Larger samples are needed to assess the reliability of these findings.
No study of subjective cognitive complaints to date has followed a group of middle-aged postmenopausal women longitudinally.
Thus, the predictive usefulness of cognitive complaints after menopause for mild cognitive impairment and dementia risk is unknown. However, when considered together with data from previous studies indicating increased risk for the development of objective cognitive impairment is decades long, it is reasonable to hypothesize that cognitive complaints after menopause may be an important phenotype to follow to assess the future risk of cognitive decline.
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